





1.1 Background of Study 
 
There is no doubt that the world will be heading towards energy-crisis if we relied 
too much on fossil fuels. Global scenario such as the rising of fuels prices, rapid 
depletion of reserves, rising cost in underwater oil production and other factors has 
made many organizations and public turning their head to alternative energy for the 
solution.  
 
Biomass has long been identified as a sustainable source of renewable energy 
particularly in countries where there is abundant agricultural activities. Being one 
the world largest producer of palm oil, Malaysia generates a huge quantity of oil 
palm biomass. Today, oil palm is one of the world’s most important fruit crops. 
Malaysia is one of the largest producer and exporter of palm oil in the world, 
accounting for 30% of the world’s traded edible oils & fats supply. 3.88 million 
hectares of land in Malaysia is under oil palm cultivation producing 14 million 
tonnes of palm oil in 2004. 
 
1.2 Problem Statement 
 
A oil palm plantation yields a staggering amount of harvestable biomass (some 50 
to 70 tons per hectare per year), and only 10% of these total results in the finished 
products: palm oil and palm kernel oil. Until recently, the remaining 90% (empty 
fruit bunches, fibers, fronds, trunks, kernels, palm oil mill effluent) was discarded 
as waste, and either burned in the open air or left to settle in waste ponds. This way, 
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the palm oil processing industry's waste contributed significantly to CO2 and 
methane emissions. This waste could be converted to useful gaseous fuels using 
proper system/process. 
 
Normally, to turn waste biomass (from oil palm plantation) into gaseous fuels, the 
process used is either incineration or conventional gasification. Incineration has a 
major flaw as the process produce heavy dioxin pollutants that could cause cancers 
and other serious illness. Gasification is a process that converts carbonaceous 
materials such as waste biomass into gaseous fuels (mixture of methane & synthesis 
gas). But the downside of gasification process is it cannot break down all the 
materials, release large quantity of CO2 and produce char and tars. Furthermore, the 
rate of conversion to produce gaseous fuels is not that high. 
 
  
 1.2.1 Problem Identification 
 
To counter that drawback mentioned above, we can use an alternative process; 
plasma gasification. Similar to gasification, plasma gasification also produces 
synthesis gas. Plasma gasification does not produce heavy dioxin pollutants, release 
less CO2, and have higher conversion rate of transforming waste biomass to gaseous 
fuels. Basically, in this project, we want to test the feasibility of using plasma 
gasification to produce gaseous fuel (from waste biomass). Plus, there are numerous 
types of plasma generator. In this project, the best option to generate plasma will be 
selected.  Lab-scale model will be used to obtain the data needed. 
 
 1.2.2 Significance of Project 
 
The significance of this project is when a company or individual that wants to do 
research on plasma gasification for waste biomass, they can refer this project as a 
benchmark and to expand/further their research with the data available from this 
project. Furthermore, companies as well as education organization (such as 
university) would be able to use this research to update the uncertainties regarding 
plasma gasification effects towards waste biomass. 
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1.3 Objectives and scope of study 
  
The objectives of this project are to do research on plasma gasification and 
investigate whether plasma gasification is a feasible choice to produce gaseous fuels 
from waste biomass that comes from oil palm plantation. 
The scope of study for this project is it will require a thorough and detailed research 
on waste biomass from oil palm plantation and basic principle of plasma 
gasification. Investigation on current method of eliminating waste from palm-oil 
plantation also should be done 
If practical, a small-scale/ lab scale of the system will be made. This system will 
perform the plasma gasification process. 
 
 
 1.3.1 Relevancy of Project 
 
This project is relevant to the study of plasma generation, gasification, as well as 
the study waste biomass from oil palm plantation. This project also relevant to 
recent constructions where people and the industries are starting to pay more 
attention to alternative energy because of the increased oil prices. Both Malaysia 
and Indonesia have large scales of waste biomass from oil palm plantation, so it 




 1.3.2 Feasibility of Project. 
 
The feasibility of this project highly depends on the selection of plasma 
generation’s type. The major factor that need to be consider when choosing the 
plasma generator is whether it could be build in a lab-scale model. Therefore, 




LITERATURE REVIEW/ THEORY 
 
2.1 Oil palm Plantation and its waste biomass 
 
Oil palm is said to be originated from the West African region. Based on statistics, 
Malaysia produced 14 million tons of palm oil from more than 38,000 square 
kilometres of land, making it one of the largest exporters of palm oil in the world. 
The majority of its crops go towards its traditional markets for personal hygiene and 
food use. [1]  
Every year, there is more than one hundred million tons of Oil palm wastes 
produced worldwide. Oil palm mills in Malaysia alone produce 20 millions tons of 
residues. That figure for Indonesia is about 21 millions ton. [2] From the plantation 
area, the waste comes from the oil palm tree itself including the frond and trunk. 
The frond is normally collected for land application or animal feed. While the trunk 
only available after 20-25 years oil palm tree lifetime cycle. [3] 
 
From the milling side, main biomass are mesocarp fibre, shell and empty fruit 
bunch. Shell and mesocarp fibre are being used as boiler fuel for steam and 
electricity generation used in oil palm mills. The excess is used for land application 
or sold to other industries that interested in using alternative fuel, while empty fruit 
bunch is very seldom to be used for fuel due to its poor physical characteristics. But 
if it is treated properly, empty fruit bunch can also be a useful biomass fuel. For 
disposal purpose, the millers will incinerate or dump it to plantation to be use as 
mulching. [3] 
The composition of Fresh Fruit Bunch (FFB) is Crude Palm Oil (21-23%), Fiber 
(14-15%), Shell (6-7%), EFB (23%).[2] 
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2.2 Transforming Oil palm waste biomass into gaseous fuels 
 
Gasification is a thermal process of partial oxidation in which the feedstock, 
whether solid or liquid is heated up to release the volatile gases that can be burnt for 
power generation or produce hydrogen or other chemicals.[4] It is process that 
converts carbonaceous materials, such as coal, petroleum, or biomass, into carbon 
monoxide and hydrogen by reacting the raw material at high temperatures with a 
controlled amount of oxygen and/or steam.[5]  Besides power generation, the 
gasification technology can also be used to convert the biomass from oil palm mill 
by-products i.e. palm shell, press fibre and empty fruit bunch (EFB), and biomass 
from replanting and fronds from pruning for the production of chemicals, especially 
methanol. [4] The resulting gas mixture from gasification is called synthesis gas and 
is itself a fuel. The resulting gas might also be methane gas.[5]  
 
The advantages of biomass gasification are that it is more efficient for generating 
electricity. The power produced is 45% more than what is produced using the same 
amount of biomass by the conventional method. Direct burning of biomass in the 
boiler normally causes a black smoke problem due to the fine soot and dust 
particles contained in the flue gas. Through the gasification process, only the syngas 
is burnt ensuring complete combustion with no black smoke emission. Syngas can 
also be burnt directly as boiler fuel using pre-heated air or directly used in gas 
engines for generating electricity. [4] 
 
There is numerous method of transforming oil palm waste into gaseous fuels. For 
this project I will only discuss these two methods; standard gasification and plasma 
gasification. 
 
Standard gasification technologies operate the reactor in the 400 - 850 degrees 
Celsius range. They do not use any external heat source and rely on the process 
itself to sustain the reaction. Normal gasifiers are really "partial combustors" and a 
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substantial portion of the carbon is combusted just to support the reaction. Their 
gasification process produces a fuel gas similar to the gas produced by the plasma 
process, although it is much dirtier and contains char and tars. The lower 
temperatures cannot break down all the materials. With standard gasification many 
materials must be sorted out of the waste stream before the reactor and landfilled or 
processed in other ways. Because of the low temperature used, the gas that is 
produced by a standard gasifier has tars that are difficult to remove and other 
contaminants that must be further cleaned up. Char residue remains that is up to 
15% of the weight of the incoming material and must still be landfilled. Plasma 
gasification uses an external heat source to gasify the waste, resulting in very little 
combustion. Almost all of the carbon is converted to fuel gas. [11] 
 
However, the gas yield from conventional gasification technology is normally 
below 40 wt% of biomass feed and the accompanying corrosion to the equipments 
caused by the high content of tar vapour contained in the gas phase is serious. 
Plasma gasifaction is more advantageous than conventional gasification processes, 
as it produces a gas with low tar content and high heating value, which can be 
applied well to the gas turbine for power generation or used as a synthesis gas for 
hydrogen production.[7] Plasma gasification uses an external heat source to gasify 
the waste, resulting in very little combustion. Almost all of the carbon is converted 
to fuel gas. Plasma gasification is the closest technology available to pure 
gasification and is a "true gasifier". Because of the temperatures involved all the 
tars, char and dioxins are broken down. The exit gas from the reactor is cleaner and 
there is no ash at the bottom of the reactor. The Plasma gasifier can process any 








2.3 Basic Principle of plasma generation 
 
Plasma is considered by many to be the fourth state of matter, following the more 
familiar states of solid, liquid and gas. A gas converts into the plasma upon addition 
of high energy. In other words, plasma is an ionized gas resulting from an electrical 
discharge.[8] Gases will not conduct electricity under normal conditions, but when a 
very high voltage is applied the insulating properties begin to break down. As 
electricity starts to flow through the gas it heats up and it begins to conduct more 
and hot plasma is formed. Well-known examples of plasmas are the sun and the 
lightning.  
 
However, these are examples of natural and uncontrolled plasmas. Man made 
controlled plasmas have been used in industry for many years and for a number of 
diverse applications, such as chemical analysis and the cutting of metals.[9]  Plasma, 
the state of matter formed by removing the bound electrons from atoms, is an 
electrically conducting fluid consisting of charged and neutral particles. The 
charged particles have high kinetic energies. When the ionized species in the 
plasma, recombine with the stripped electrons, significant amounts of energy in the 
form of ultraviolet radiation are released. The particle kinetic energy takes the form 
of heat and can be used for decomposing chemicals. In addition, the presence of 
charged and excited particles renders the plasma environment highly reactive, 
which can catalyze homogeneous and heterogeneous chemical reactions [10].   
 
A special plasma torch heats regular air to internal temperatures (inside the torch) as 
high as 13,800 degrees Celsius and external temperatures (point of contact with the 
material) as high as 4500 degrees Celsius. The source of energy for the torch is 
electricity. The superheated air is used to thermally decompose whatever it comes 
in contact with. Steel foundries have used plasma to melt steel for many years. 




The majority of plasma arc generators used in materials processing use DC rather 
than AC because there is less flicker generation and noise, a more stable operation, 
better control, a minimum of two electrodes, lower electrode consumption, slightly 
lower refractory wear and lower power consumption. Plasma generation methods 
include [12] : 
 
1. DC non transferred arc plasma torches. 
2. DC transferred arc plasma torches. 
3. RF inductively coupled discharges. 
 
Following is an example of plasma powered by electric: 
 
Electricity is fed to a torch, which has two electrodes, creating an arc. Inert gas is 
passed through the arc, heating the process gas to internal temperatures as high as 














2.4 Basic Principle of plasma gasification  
 
 
Plasma gasification is the gasification of matter in an oxygen-starved environment 
to decompose waste material into its basic molecular structure. Plasma gasification 
does not combust the waste as incinerators do. It converts the organic waste into a 
fuel gas that still contains all the chemical and heat energy from the waste. It 
converts the inorganic waste into an inert vitrified glass. [6] 
 
The temperature a few feet from the torch can be as high as 2700-4500º C. Because 
of these high temperatures the waste is completely destroyed and broken down into 
its basic elemental components. There are no tars or furans. At these high 
temperatures all metals become molten and flow out the bottom of the reactor. 
Inorganics such as silica, soil, concrete, glass, gravel, etc. are vitrified into glass and 
flow out the bottom of reactor. There is no ash remaining to go back to a landfill. [6] 
    
The plasma gasification reactor does not discriminate between types of waste. It can 
process any type of waste. The only variable is the amount of energy that it takes to 
destroy the waste. Consequently, no sorting of waste is necessary and any type of 
waste, other than nuclear waste, can be processed. [13] 
 
   Plasma gasification is different than incineration. Incineration is the burning of 
carbon based (organic) material in an oxygen-rich environment, much the same as 
burning wood in a wood stove. Organic matter contains energy. The burning 
process requires a large amount of oxygen (O2). The carbon contained in the 
organic matter reacts with the oxygen to form carbon dioxide (CO2) and water 
(H2O). The combustion is highly exothermic and releases the energy in the organic 
material in the form of heat. The combustion of the carbon-based material is 
incomplete, leaving ash, tar and char that contains heavy metals and toxic 
substances requiring it to be sent to a special landfill. Non carbon based (inorganic) 
materials such as metal, glass, soil, concrete, silica, etc. are not affected by the 
burning process and become part of the ash. The total unburned material left over 
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can be as high as 30% by weight. Incineration results in high levels of tars, furans, 
NOx, dioxins and sulfur dioxide, which are expensive to clean from the exhaust[6, 14] 
 
Plasma Gasification is not incineration and it does not burn the waste. It is the 
transformation of carbon based material in an oxygen-starved environment using an 
external high heat source (plasma) to produce a fuel gas (also called a syngas) that 
can be used in other applications. Even though the temperatures are much higher 
than with incineration, the organic material does not burn because there is not 
enough oxygen. The process controls the amount of oxygen and allows only enough 
oxygen to form carbon monoxide. The organic matter is transformed to a fuel gas 
composed of carbon monoxide (CO) and hydrogen (H2). Only a small amount of 
energy is released when the carbon and oxygen molecules combine. The carbon 
monoxide still contains substantial chemical energy and can be used in a variety of 
ways. The high temperatures of the Plasma Gasification process melt metals, glass, 
silica, soil, etc., which flow out of the bottom of the reactor. The metals are 
recycled and the other inorganic materials become vitrified (molten) glass. Because 
of the high temperatures and lack of oxygen there are no tars, dioxins or furans and 
NOx and SOx are much lower. The net result is that all the waste is converted to 
saleable products.[6,15] 
 
 The gas composition coming out of a plasma gasifier is lower in trace contaminants 
than with any kind of incinerator or other gasifier. The gasifier doesn't care about 
the amount of moisture in the waste. The moisture consumes energy to vaporize and 
can impact the capacity and economics, however, it will not affect the process. For 
this project, the waste biomass will be treated first. It will be dried and grained 







2.5 Chemical Kinetics of Gasification and Pyrolysis 
 
Gasification is a process that converts carbonaceous materials, such as coal, 
petroleum, or biomass, into carbon monoxide and hydrogen by reacting the raw 
material at high temperatures with a controlled amount of oxygen and/or steam. 
Pyrolysis is the chemical decomposition of organic materials by heating in the 
absence of oxygen or any other reagents, except possibly steam. In industry, it may 
be used to convert one single chemical; for example, ethylene dichloride is 
pyrolysed to vinyl chloride to make PVC. It may also be used to convert complex 
materials such as biomass or waste into substances that are either desirable or less 
harmful (e.g. - syngas) [5] 
 
In a gasifier, the carbonaceous material undergoes several different processes:  
 
i. The pyrolysis (or devolatilization) process occurs as the carbonaceous 
particle heats up. Volatiles are released and char is produced, resulting in up 
to 70% weight loss for coal. The process is dependent on the properties of 
the carbonaceous material and determines the structure and composition of 
the char, which will then undergo gasification reactions. [17] 
ii. The combustion process occurs as the volatile products and some of the char 
reacts with oxygen to form carbon dioxide and carbon monoxide, which 
provides heat for the subsequent gasification reactions. [5] 
iii. The gasification process occurs as the char reacts with carbon dioxide and 
steam to produce carbon monoxide and hydrogen, via the reaction: 
  (1) 
iv. In addition, the reversible gas phase water gas shift reaction reaches 
equilibrium very fast at the temperatures in a gasifier. This balances the 





In essence, a limited amount of oxygen or air is introduced into the reactor to allow 
some of the organic material to be "burned" to produce carbon monoxide and 
energy, which drives a second reaction that converts further organic material to 
hydrogen and additional carbon dioxide. [5, 14] 
 
Fast pyrolysis of biomass feedstocks is required to achieve high yields of liquids. It 
is characterized by rapid heating of the biomass particles and a short residence time 
of product vapors (0.5 to 2 s). Rapid heating means that the biomass must be grind 
into fine particles and that the insulating char layer that forms at the surface of the 
reacting particles must be continuously removed. [18] 
 
Pyrolysis is used as a form of thermal treatment to reduce waste volumes. In 
handling agricultural waste, the temperature range is between 450 °C to 550°C. 
Synthetic diesel fuel cannot yet be produced directly by pyrolysis. Pyrolysis can 
produce bio-oil, which can be used as a fuel; after removal of valuable bio-
chemicals that can be used as food additives or pharmaceuticals. However, the bio-
oil cannot be used directly in most car engines. Besides that, pyrolysis can produce 
syngas (flammable mixture of carbon monoxide and hydrogen); can be produced in 
sufficient quantities to both provide the energy needed for pyrolysis and some 
excess production. [18] 
 
2.6 Methane gas and its properties 
 
Methane gas has molecular formula of CH4. It has the simplest alkane, and the 
principal component of natural gas. Burning methane in the presence of oxygen 
produces carbon dioxide and water. Because of its abundance and clean burning 
process, methane is a very attractive fuel source. However, because it is a gas at 
normal temperature and pressure, methane is difficult to transport from its source. 
In its natural gas form, methane usually transported in bulk by pipeline or LNG 
carriers. [16] 
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Methane is one of the potent greenhouse gases with high global warming potential. 
In the atmosphere, methane is oxidized and produces carbon dioxide and water. As 
a result, methane in the atmosphere has a half life of seven years. The Earth's crust 
also contains huge amounts of methane. Large amounts of methane are produced 
anaerobically by methanogenesis. Other sources include mud volcanoes which are 
connected with deep geological faults. [16, 17] 
 
Methane is the major component of natural gas, about 87% by volume. At room 
temperature and standard pressure, methane is a colourless, odourless gas; the smell 
characteristic of natural gas is an artificial safety measure caused by the addition of 
an odorant, often methanethiol or ethanethiol. Methane has a boiling point of −161 
°C at a pressure of one atmosphere. As a gas it is flammable only over a narrow 
range of concentrations (5–15%) in air. Liquid methane does not burn unless 
subjected to high pressure (normally 4–5 atmospheres). [16, 17] 
 
Main reactions with methane are: combustion, steam reforming to syngas, and 
halogenation. In general, methane reactions are hard to control. Partial oxidation to 
methanol, for example, is difficult to achieve; the reaction typically progresses all 
the way to carbon dioxide and water. [16, 17] 
 
Methane is important for electrical generation by burning it as a fuel in a gas turbine 
or steam boiler. Compared to other hydrocarbon fuels, burning methane produces 
less carbon dioxide for each unit of heat released. Methane in the form of 
compressed natural gas is used as a vehicle fuel, and is claimed to be more 
environmentally friendly than fossil fuels such as gasoline/petrol and diesel. [16, 17] 
When used to produce any of these chemicals, methane is first converted to 
synthesis gas, a mixture of carbon monoxide and hydrogen, by steam reforming. In 
this process, methane and steam react on a nickel catalyst at high temperatures 




The ratio of carbon monoxide to hydrogen in synthesis gas can then be adjusted via 
the water gas shift reaction to the appropriate value for the intended purpose. 
CO + H2O → CO2 + H2 (3) 
Apart from gas fields an alternative method of obtaining methane is via biogas 
generated by the fermentation of organic matter including manure, wastewater 
sludge, municipal solid waste (including landfills), or any other biodegradable 
feedstock, under anaerobic conditions. Industrially, methane can be created from 
common atmospheric gases and hydrogen (produced, for example, by electrolysis) 
through chemical reactions such as the Sabatier process, Fischer-Tropsch process. 
[16] 
  
2.7 Industry Research: Biomass Energy Plant in Lumut, Perak, Malaysia [21, 
22, 23] 
 
The project that started around February 2006 includes the installation of the 
modern, high efficient 30 tonnes per hour capacity, 29 Barg biomass-fired 
cogeneration systems to supply steam and electricity to the PGEO palm oil refinery 
in Sitiawan, Perak, Malaysia. The energy plant is using biomass waste from oil 
palm mills obtained from nearby oil palm mills via fuel purchase agreements. 
 
This biomass is abundantly available in the region and was earlier incinerated, but 
since the ban on open air burning entered into force the biomass must be disposed 
in the plantations. However, many mills face a problem in disposing the waste as 
they do not possess any plantation, but only operate a mill. Plantation owners 
supplying the fresh oil palm fruit bunches (FFB) are typically not interested in 
collecting the waste at the mill and disposing it in their plantation. Thus the mills 
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are left with the only option to dispose the EFB at their mill site.  
 
From the oil palm milling process three types of biomass waste is generated; 
mesocarp fibres (MF), palm kernel shells (PKS) and Empty Fruit Bunches (EFB).  
The palm oil refinery is currently operating a fuel oil fired boiler plant to supply 
steam for the refining process and purchase power from the electricity grid. The 
project is to reduce the amount of steam produced from fuel oil and grid generated 
power and thus reduce greenhouse gas emissions from the fuel oil fired boiler plant 
and the national electricity grid . 
  
As stated, we can see that the plant use a fuel oil fired boiler plant to transform 
waste from oil palm mills into steam and electricity to a oil palm refinery. Most oil 
palm biomass energy plant in South East Asia uses the same method to handle oil 
palm waste. So, the method of plasma gasification is relatively new in the oil palm 
industry. Thus, it gives a new alternative to the industry in handling the waste 
































3.1 Project Flow 
Overview of the project methodology/flow of work is shown in Figure 3.1. 
Extensive Literature Review: 
1. Oil palm plantation. 
2. Waste Biomass from oil palm plantation. 
3. Turning waste biomass into gaseous fuels. 
4. The principle of plasma generation. 
5. The principle of plasma gasification. 
6. Chemical kinetics of gasification and pyrolysis. 
7. Methane gas and its properties. 
8. Waste elimination method used in the oil palm industry and get data.
 
 
Design and Prototyping (lab-scale): 
1. Simple plasma torch system for the plasma gasification process. 
2. Oxygen-starved chamber for the plasma gasification process.  
 
 
Experiment and Data Compilation: 
1. Do experiment of plasma gasification for selected waste biomass using 
the lab scale model. Collect all data. 
2. Compare the data and result with data from the current method that used 
in oil palm industry. 
3. Feasibility judgement: compare the amount of energy used to operate 
plasma gasification with the energy produced by plasma gasification. 
Figure 3.1: Flow of the work 
 
 17 
2.8 Extensive Literature Review 
 
In the early stages of this project, extensive literature review should be done. 
Detailed report on oil palm plantation and its waste biomass will be compiled. After 
that, one type of waste biomass will be chosen and do study on how to convert that 
particular waste biomass into gaseous fuels. Then, research on principle of plasma 
generation and plasma gasification will be done. There are a few ways of generating 
plasma; so one will be selected. (Choose the best way that could be done in lab-
scale model). Finally, this project requires information regarding what kind of waste 
elimination used by the palm-oil industry, so companies (that related with this 
industry) will be contacted. 
 
2.9 Design and Prototyping 
 
In the next phase, a model will be build in order to help this project achieve its 
objective. As mentioned before, there are numerous types of waste biomass (frond, 
trunk, mesocarp biomass, shell, empty fruit brunch) and various method of 
generating plasma (electrical, magnetic, nuclear, etc). After carefully selecting what 
type of waste biomass is suitable for this project and which method of generating 
plasma is most feasible, a miniature-scale model will be build. Basically, there will 
be device/system that performs two different functions; plasma generation torch and 
oxygen-starved chamber.  
 
If it is not feasible to build a miniature-scale model, an alternative solution will be 
chosen: 
1. Use plasma cutter as a replacement for plasma torch. Available in 
University Technology Petronas. 
2. Do modelling. 
Fortunately the miniature-scale model is feasible/ can be construct with available 
tools and equipments. 
 
 18 
2.10 Experiment and Data Compilation 
 
The last phase of this project would be experimenting and gathering data. Using the 
miniature scale model, do experiment on the waste biomass. Collect the data. If 
possible, compare the data from this project with the data from palm-oil industry. 
Additional task; try to compare the amount of energy used to generate plasma 
gasification with the amount of energy produced by plasma gasification.(voltage 
used vs weight loss) 
 
2.11 Tools/Equipments Required 
 
The tools and equipment which are required in this Final Year Project are basically 
the components to build the miniature-scale model. The components are: 
  
1. Chamber (stainless steel) 
2. Carbon/Graphite rods (from Lantern Battery 6V) 
3. Rubber stopper 
4. Empty Fruit Bunch (fibrous form) 
5. Wire Cord 
6. Power supply (stun-gun) 
7. Plastic tube 
8. Valves 
*all details and picture are in the Selected Plasma Generation Method* 
 
For this project, if it is difficult to build the plasma torch system, there is an 
alternative. The plasma torch system can be replaced by using the plasma cutter that 
available in University Technology Petronas. It provides the same effects. 
Unfortunately, the plasma cutter cannot be used for this project due to its bulky size 










RESULTS & DISCUSSION 
 
4.1 Waste Biomass Selection 
 
4.1.1 Types of waste biomass from oil palm plantation and current usage. 
 
From the plantation area:  
 Figure 4.1 shows frond: Normally collected for land application or animal 
feed. 
Figure 4.1: Frond of oil palm tree 
 Figure 4.2 shows trunk: Only available after 20-25 years oil palm tree 
lifetime cycle. 
Figure 4.2: Trunk of oil palm tree 
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From the milling side:  
 Mesocarp fibre: Used as boiler fuel for steam and electricity generation used 
in oil palm mills. The excess is used for land application or sold to other 
industries that interested in using alternative fuel.  
 
 Figure 4.3 shows shell: Used as boiler fuel for steam and electricity 
generation used in oil palm mills. The excess is used for land application or 
sold to other industries that interested in using alternative fuel.  
 
Figure 4.3: Shell 
 
 Figure 4.4 shows Empty fruit bunch (EFB):  Very seldom to be used for fuel 
due to its poor physical characteristics. But if it is treated properly, empty 
fruit bunch can also be a useful biomass fuel. For disposal purpose, the 
millers will incinerate or dump it to the plantation to be use as mulching. 
 




4.1.2 Factors that influences the selection of the waste biomass. 
 
1. The waste usually abundance in amount. So that the amount of gaseous fuels 
generated would be higher. 
 
2. The waste usually discarded as waste. (Not being used for other purposes). So 
that the waste biomass can be optimized and not being waste. 
 
 
4.1.3 Selecting the most suitable waste biomass for plasma gasification. 
 
Based on the selection criteria, the best choice for plasma gasification technology is 
the Empty Fruit Bunch (EFB). Based on most oil palm biomass literature, there is 
no doubt that EFB is always considered as the most abundance available biomass 
from the oil palm industry. 
 
Based on literatures and journals, almost all waste from oil palm has been put into 
good use nowadays. Almost all waste is being transformed into useful products. But 
some plantation does not have the appropriate system and technology in handling 
the EFB. So their only option is to dispose the EFB at their mill site. 
From the points above, it is quite clear that EFB is the best choice for this project. 
However, fresh EFB usually contains 65% of moisture and in bulky size. So a 
proper pre-treatment should be done to reduce its size and moisture. Once treated, it 
can be used as fuels. For this project, the fuel parameters (size and moisture 
content) of the treated EFB should be decided first. 
 
The next best alternatives for this project would be the shell and mesocarp fibre. 
Both have been already used for established application such as boiler fuel. The 
target would be; finding whether the proposed system (plasma gasification) can 
have a better energy conversion instead using in boiler. 
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However, at the moment the selected waste biomass for this project is the Empty 
Fruit Bunch (EFB). There are two source of getting the empty fruit bunch; 
raw/fresh empty fruit bunch from plantation or refined empty fruit bunch in fibrous 
form from the laboratory. For this project, several raw/fresh empty fruit bunch has 
been obtained from Felcra Nasaruddin Oil Palm Plantation, Bota, Perak. As stated 
in the literature review, the fresh empty fruit bunch is wet. (approximately 65% 
moisture). So for the moment, the refined empty fruit bunch (in fibrous form) will 
be use in this project. 
 
 
4.2 Selection of Plasma Generation Method 
 
The most important element for this project is the plasma generation device/system. 
Designing and building the most suitable and feasible system requires extensive 
research. Plasma can be generated using numerous concept and system. Below are 
several concepts that can be taken into consideration when designing the plasma 
generation system: 
 
a. Plasma generated by Electrical Discharge of Carbon Arcs 
b. Plasma generated from focused solar rays. 
c. Plasma generated from Van De Graff generator  
d. Plasma generated from Electroshock weapon 
 
For method (b) focused solar rays, (c) Van De Graff generator and (d) 
electroshock weapon, the brief explanation is on the Appendix. While for method 







4.2.1 Plasma generated by Electrical Discharge of Carbon Arcs 
 
High temperature plasma can be generated by an electrical arc between two carbon 
electrodes. In order to ignite it, the rods are touched together, thus allowing a 
relatively low voltage to strike the arc. When the rods are slowly drawn apart, the 
electric currents heats and maintain an arc across the gap. Figure 4.5 shows a rough 







Figure 4.5: Rough Design of Carbon Arc System 
 
Advantages: Quite cheap and easy to assemble. (Parts can be bought at hardware 
and electronics store) 
Disadvantages: Carbon rods do not have long lifetime and use power supply. 














4.3 Selected Plasma Generation Method 
 
From 4 choices above, two methods are not suitable for this project; solar-focused 
ray and Van De Graff generator. So, the alternatives left are the carbon-arc method 
and electroshock-weapon method. At the moment, the primary choice to generate 
plasma is the carbon-arc method. If this method does not fulfil this project 
requirement, we will opt to use the electroshock weapon method. For this method, it 
can be set in vertical or horizontal position. Below is the list of components needed 
for the carbon-arc system: 
 
i. Chamber (stainless steels) 
         (a)                                                                   (b) 
                 Figure 4.10: Gasification Chamber 
(a) stainless steel canister (b) side view of the canister 
 
ii. Carbon/ Graphite rods (taken from Lantern Battery 6V) 
         (a)                                                                    (b)  
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     (g)                                                                    (h) 
 
 
Figure 4.11: Procedures of taking graphite rods from Lantern Battery 6V 
(a) Normal Lantern Battery. (b) Lantern Battery 6Volts. (c) Top view after cut-off 
the top part of battery. (d) Arrangement of D battery inside Lantern Battery. (e) 
Peeling of the metal from the battery. (f) D battery without the metal. (g) Graphite 












iv. Power Supply (stun gun) 
                                     Figure 4.13: Stun Gun 
 
v. Rubber Stopper 
                              Figure 4.14: Rubber Stopper 
 
vi. Empty Fruit Bunch (in fibrous form) 
 
             Figure 4.15: Sample of Empty Fruit Bunch (Fibrous Form) 
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vii. Plastic Tube 
Figure 4.16: Plastic Tube 
 
viii. Valves 








































Figure 4.18: Design for Carbon Arc Method.  




Power Supply/ Stun 
Gun 
 









4.4  Oxygen-Starved Chamber 
 
As mentioned earlier in this report, the chamber where the waste will be should 
have an oxygen-starved environment. The plasma gasification process does not 
need much oxygen to commence. One of the advantages of plasma gasification is 
the process does not emits Carbon Dioxide because of the lack amount of oxygen. 
So it is important to design and build an oxygen-starved environment. 
One of the ways to create an oxygen-starved condition is by filling the chamber 
with Nitrogen. 30 minutes of Nitrogen-flushing will help to remove most of the 
oxygen inside the chamber, thus creating an oxygen-starved condition. So, the 
experiment process will be conducted in nitrogen-flushed chamber. At the end of 
the experiment, it is expected that Nitrogen will have some influence to the final 
result. Because of the usage of Nitrogen and minimal sample for this project, the 
pressure calculation for the chamber can be neglected. 
Some of Nitrogen’s properties: 
 
 Relatively inert gas. 
 Colourless, odourless, and tasteless. 
 Melting point : -210 °C 
 Boiling point : -195.8 °C 
 Nitrogen form compounds through biological activity, at high temperature, 
or at moderate temperature with the aid of catalysts. 
 It forms nitric oxide and nitrogen dioxide with oxygen, ammonia with 
hydrogen, and nitrogen sulfide with sulfur. 
 At high temperatures it will combine with certain active metals, such as 
lithium, magnesium and titanium to form nitrides. 






4.5  How to supply the waste (EFB) to the plasma generated 
 
One of the most difficult issues for this project is how to supply the waste (Empty 
Fruit Bunch) to the plasma point generated. We need to remember that during the 
plasma gasification process, the chamber should be in minimal-oxygen condition. 
So, the waste cannot be supplied from the outside of the gasification chamber. It 
will make the process exposed to oxygen from the outside. To counter this problem, 
we need to find a method on how to supply the waste from the inside of gasification 
chamber and no oxygen entered during the process. One of the suggested method is 
by using magnets; one magnet attached to a holder is placed inside the gasification 
chamber, another magnet is placed outside the chamber. We can control the 
movement of the inside magnet by using the outside magnet. The waste should be 
formed into a long (rod-like) shape. Then use the holder (that attached to the inside 
magnet) to hold the waste. By using the outside magnet, we can control the holder 
(attached to the inside magnet) and direct the waste to the plasma generated. 
 
Alternatively, another way of supplying the waste to the plasma generated is by 
putting the EFB sample to a holder (with plasticine on its bottom) and place the 
sample directly in between both carbon electrodes. During the experiment, adjust 
the carbon electrodes to make sure most part of the sample exposed to the plasma 
generated. 
 
Both techniques is implemented during the experiment and it seems that it’s quite 
hard to control the sample using the magnet-method. So for the rest of the 








4.6   Fabrication Phase 
 
1. Circuit Diagram for Power Source (Stun Gun): 
As mentioned before, stun gun will be used as power source for this project. 
Figure 4.19 shows the stun gun and the components in stun gun. 
 
Figure 4.19: Stun Gun and its Component 
Components: 
1) Components for recharging (battery) system. 
2) Rechargeable battery (7.2 V, 250 mAh) 
3) Switch (on/off) 
4) Capacitor 
5) Charge outlet. (positive and negative) 
 
2. Wire Cord: 
Wire cord is used to connect the power source (stun gun) and the electrode. The 
wire must be soldered to the clip for better connection. 
Figure 4.20: Wire soldered to clip 
 
2 
4 3 1 
5 
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3. Equipment Set-Up for Trial: 
Figure 4.21: Plasma generated during trial. 
 
During the trial, the electrode managed to produce plasma. Based on the trial, 
the amount of plasma generated is a bit low. So, below are a few 
recommendations that will be implemented in the later stages of this project: 
 Improve the connection from the power source to electrode. 
 Modify the electrode into pencil-shape design. (more plasma focus) 
 Add/Change the power source. (replace the rechargeable with other 
power source) 
 Change the graphite rod with material that has lower resistivity. (nail) 
 
4. Preparing the chamber: 
      
Figure 4.22: Construct holes to the chamber 
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5. Nitrogen gas for flushing (get rid of oxygen): 
 
Figure 4.23: Pure Nitrogen used for flushing 
 
 
6. Use water at nitrogen outlet to check whether nitrogen is properly flushed in 
the chamber (will create bubbles in the water): 
 








7. Sample holder: 
 
Figure 4.25:Sample holder (with plasticine) 
 
 
8. Position of sample inside the chamber: 
 









9. Equipments Set-up & Experiment Procedures: 
 
 
Figure 4.27: Complete Equipment Set-Up 
Experiment Procedures: 
1. Put 10 samples of EFB in oven.(80 °C for 15 minutes) 
2. Weigh each sample. 
3. Set-up the miniature-scale equipments & place a sample inside the 
chamber. 
4. Make sure all joints are properly sealed. 
5. Jot down voltage of the power source. 
6. Flush the chamber with nitrogen for about 30minutes. (200 ml/min) 
7. Start the experiment. (plasma gasification) 
8. After finish, weigh the sample again. 
9. Jot down voltage of the power source. 
10. Repeat step 3 to 9 with another sample. 
















4.7  Experiment Results 
After all the experiment procedures being done, results are shown in Table 4.1 
and Table 4.2: 
 
Table 4.1: Experiment Result-Weight Difference (Weight Loss) 
 
 
Table 4.2: Experiment Result-Voltage Difference (Voltage Used) 
SAMPLE Voltage Before Test (V) 
Voltage After Test 
(V) Voltage Difference (V) 
1 7.95 7.70 0.25 
2 7.81 7.66 0.15 
3 7.86 7.77 0.09 
4 7.84 7.76 0.08 
5 7.73 7.61 0.12 
6 7.83 7.60 0.23 
7 7.88 7.67 0.21 
8 7.79 7.60 0.19 
9 7.91 7.75 0.16 
10 7.82 7.65 0.17 
SAMPLE 
Sample Weight Before Test 
(g) 




1 0.0924 0.0381 0.0543 
2 0.0330 0.0153 0.0177 
3 0.0383 0.0101 0.0116 
4 0.0330 0.0267 0.0063 
5 0.0336 0.0199 0.0137 
6 0.0834 0.0337 0.0497 
7 0.0773 0.0362 0.0411 
8 0.0569 0.0210 0.0359 
9 0.0497 0.0205 0.0292 
10 0.0523 0.0192 0.0331 
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From these Table 4.1 and Table 4.2, compare the weight loss and voltage loss in 
ascending order. 
Table 4.3: Weight Difference & Voltage Difference (in ascending order) 











Average Voltage Used : 0.17 V 
Average Weight Loss  : 0.0293 g 
 
 
Figure 4.28: Graph - Voltage Used VS Weight Loss 
 
By comparing the voltage used and weight loss, we can see a pattern; when more 
voltage is used, more weight is loss. This shows that when more voltage is 
supplied to the process (plasma gasification), the higher the amount of sample 
loss. This is highly corresponds with the initial perception of this experiment. 
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FTIR is most useful for identifying chemicals that are either organic or 
inorganic. It can be utilized to quantitate some components of an unknown 
mixture. It can be applied to the analysis of solids, liquids, and gasses. The 
term Fourier Transform Infrared Spectroscopy (FTIR) refers to a fairly recent 
development in the manner in which the data is collected and converted from 
an interference pattern to a spectrum. 
 
FTIR can be used to identify chemicals from spills, paints, polymers, coatings, 
drugs, and contaminants. FTIR is perhaps the most powerful tool for 
identifying types of chemical bonds (functional groups). The wavelength of 
light absorbed is characteristic of the chemical bond as can be seen in this 
annotated spectrum. 
 
By interpreting the infrared absorption spectrum, the chemical bonds in a 
molecule can be determined. FTIR spectra of pure compounds are generally so 
unique that they are like a molecular "fingerprint". While organic compounds 
have very rich, detailed spectra, inorganic compounds are usually much 
simpler. For most common materials, the spectrum of an unknown can be 
identified by comparison to a library of known compounds. 
 
Molecular bonds vibrate at various frequencies depending on the elements and 
the type of bonds. For any given bond, there are several specific frequencies at 
which it can vibrate. According to quantum mechanics, these frequencies 
correspond to the ground state (lowest frequency) and several excited states 
(higher frequencies). One way to cause the frequency of a molecular vibration 
to increase is to excite the bond by having it absorb light energy. 
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The energy corresponding to these transitions between molecular vibrational 
states is generally 1-10 kilocalories/mole which corresponds to the infrared 
portion of the electromagnetic spectrum. 
 
Samples for FTIR can be prepared in a number of ways. For liquid samples, 
the easiest is to place one drop of sample between two plates of sodium 
chloride (salt). Salt is transparent to infrared light. The drop forms a thin film 
between the plates. Solid samples can be milled with potassium bromide (KBr) 
to form a very fine powder. This powder is then compressed into a thin pellet 
which can be analyzed. KBr is also transparent in the IR. Alternatively, solid 
samples can be dissolved in a solvent such as methylene chloride, and the 
solution placed onto a single salt plate. The solvent is then evaporated off, 
leaving a thin film of the original material on the plate. This is called a cast 
film, and is frequently used for polymer identification. 
 
For this project, the residues of plasma gasification process will be milled with 
potassium bromide (KBr). This powder will then compress into a thin pellet 
which will be analyze by using the FTIR Microscope. The results of the 















Detailed result are shown in Appendix 4 and Appendix 5.  
(intensity vs wavenumber) 
Figure 4.29: Graph and Data for EFB Sample Before Plasma Gasification 
Figure 4.30: Graph and Data for EFB Sample After Plasma Gasification 
(please refer appendix) 
Analysis: 
To do analysis on both graphs obtained, manipulation of graphs (before and 
after the plasma gasification) is needed to interpret the data. It is easier to 
interpret the graphs by combining both graphs on one paper and compare the 
difference between both graphs. Figure4.31 and Figure 4.32 shows the graphs.:  
 
Figure 4.31: Graph of FTIR Analysis for EFB Before Plasma Gasification 






Blue line:  




Graph of FTIR Analysis for EFB After Plasma Gasification 
_____ 
 
Red Dash:  
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CHNS elemental analysers provide a means for the rapid determination of 
carbon, hydrogen, nitrogen and sulphur in organic matrices and other types of 
materials. They are capable of handling a wide variety of sample types, 
including solids, liquids, volatile and viscous samples, in the fields of 
pharmaceuticals, polymers, chemicals, environment, food and energy.  
 
The analysers are often constructed in modular form such that they can be set 
up in a number of different configurations to determine, for example, CHN, 
CHNS, CNS or N depending on the application. This adaptability allows not 
only flexibility of operation but also the use of a wide range of sample weights 
from a fraction of a milligram to several grams (macro-systems.)  
 
In its simplest form, simultaneous CHNS analysis requires high temperature 
combustion in an oxygen-rich environment and is based on the classical Pregl-
Dumas method. This combustion can be carried out under both static 
conditions i.e. introduction of a set volume of oxygen or dynamic conditions 
i.e. a constant flow of oxygen for a set period of time. Often, catalysts are also 
added to the combustion tube in order to aid conversion.  
 
In the combustion process, carbon is converted to carbon dioxide; hydrogen to 
water; nitrogen to nitrogen gas/ oxides of nitrogen and sulphur to sulphur 
dioxide. If other elements such as chlorine are present, they will also be 
converted to combustion products, such as hydrogen chloride. A variety of 
absorbents are used to remove these additional combustion products as well as 
some of the principal elements, sulphur for example, if no determination of 
these additional elements is required.  
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The combustion products are swept out of the combustion chamber by inert 
carrier gas such as helium and passed over heated high purity copper. This 
copper can be situated at the base of the combustion chamber or in a separate 
furnace. The function of this copper is to remove any oxygen not consumed in 
the initial combustion and to convert any oxides of nitrogen to nitrogen gas. 
The gases are then passed through the absorbent traps in order to leave only 
carbon dioxide, water, nitrogen and sulphur dioxide.  
 
Results: 
For this project, 6 samples were prepared for the analysis. (3 samples from 
‘before plasma gasification’, 3 samples from ‘after plasma gasification’).The 
results of CHNS Analysis are shown below: 
 
Table 4.5: CHNS Results for EFB Before Plasma Gasification 
Sample Carbon (%) Hydrogen (%) Nitrogen (%) Sulphur (%) 
1 40.87 6.848 0.687 0.062 
2 40.50 6.966 0.704 0.043 
3 41.04 6.400 0.629 0.037 
 
Table 4.6: CHNS Results for EFB After Plasma Gasification 
Sample Carbon (%) Hydrogen (%) Nitrogen (%) Sulphur (%) 
1 40.24 6.668 0.660 0.056 
2 41.38 6.037 0.762 0.040 
3 42.79 6.541 0.725 0.031 
 
Table 4.7: Difference of Average % Before and After Plasma Gasification 
Element Average % (Before) Average % (After) 
Difference % 
(After-Before) 
Carbon 40.80 41.47 0.67 
Hydrogen 6.738 6.415 -0.323 
Nitrogen 0.673 0.715 0.042 










From the data obtained, carbon-content of EFB (before plasma gasification) is 
40.80 % (average). While, for EFB (after plasma gasification), the carbon-
content is 41.47 % (average). As noted, there a slight increase of carbon-
content, 0.67 % (comparing the samples before and after the plasma 
gasification process).  
 
This shows that after the plasma gasification process, the amount of carbon 
element in the sample (residue) is higher than the amount of carbon in raw 
sample of EFB. This corresponds with the theory that during the plasma 
gasification process, carbon being released from the sample (EFB). Some of 
the released carbon will be in the residues and some will be released in the 




From the data obtained, hydrogen-content of EFB (before plasma gasification) 
is 6.738 % (average). While, for EFB (after plasma gasification), the hydrogen-
content is 6.415 % (average). As noted, there a slight decrease of hydrogen-
content, 0.323 % (comparing the samples before and after the plasma 
gasification process).  
 
This shows that most of the hydrogen elements are not in the sample (residue) 
of EFB after the plasma gasification. Most of hydrogen elements have been 
dissipated into atmospheres after the plasma gasification. This corresponds 
with the theory of plasma gasification produce synthesis gas. (one of the 





From the data obtained, nitrogen-content of EFB (before plasma gasification) 
is 0.673 % (average). While, for EFB (after plasma gasification), the nitrogen-
content is 0.715 % (average). As noted, there a slight increase of nitrogen-
content, 0.042 % (comparing the samples before and after the plasma 
gasification process).  
 
This shows presence of additional nitrogen in the sample (residue) of EFB 
after the plasma gasification process. The additional nitrogen elements might 
come from the nitrogen-flushing process that implemented during the 
experiment. But based on the very low increase (0.042%), it can be assumed 




From the data obtained, sulphur-content of EFB (before plasma gasification) is 
0.142 % (average). While, for EFB (after plasma gasification), the sulphur-
content is 0.042 % (average). As noted, there a decrease of sulphur-content, 0.1 
% (comparing the samples before and after the plasma gasification process).  
 
Sulphur is not one of the main elements in plasma gasification process. 
Sulphur-content in EFB can be considered as very minimal. The slight 
decrease of sulphur-content in this experiment is most likely due to sulphur 












CHAPTER 5  




 There are 4 alternatives for the plasma generator; by Carbon Arc, by focused 
solar-rays, by Van de Graff generator and by using electroshock weapon.   
 The 2 most suitable methods is by using Carbon-Arc and electroshock 
weapon. For this project, the electroshock weapon (stun gun) is used as 
power supply for the Carbon-Arc method. 
 Plasma has been successfully generated using the method selected for this 
project. 
 Two ways to improve the plasma generated; improve the connection 
between the power sources to electrodes and modify the electrode into 
pencil-shape design. 
 To support the plasma generation system, an oxygen-starved chamber is 
used. For this project, nitrogen will be flushed into the chamber for about 30 
minutes to create the oxygen-starved condition. Experiment is carried while 
the nitrogen is still flushed inside the chamber. 
 As for the type of waste biomass, it is decided that the Empty Fruit Bunch is 
the best choice for this project due to its abundance in amount and it is 
usually discarded as wastes.  
 For the Data Compilation phase, data is collected during the plasma 
gasification experiment; weight difference and voltage difference. The result 
shows that the weight loss will be higher when the voltage is 
higher.(corresponds to theory)  
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 The residue of the experiment is analyzed using FTIR analysis and CHNS 
analysis.  
 In FTIR analysis, the residue of plasma gasification process shows the 
expected elements from an organic compound. The possible assigned 
group/compound is carbonyl compounds, alcohols, alkanes and halogen. 
This clearly shows the presence of elements that could contribute to gaseous 
fuels.  
 For CHNS analysis, four elements are checked in the residue of the plasma 
gasification process. The analysis shows that the amount of carbon and 
nitrogen increased and the amount of hydrogen and sulphur slightly 
decrease. This corresponds with the initial theory of carbon is released in 
atmosphere and residue while hydrogen is released to the atmosphere after 




For further studies, the project needs some adjustments:  
 Equipments should be modified to have higher sealing efficiency and should 
increase the voltage to produce better results.  
 For analysis part, this project needs better samples for analysis and 
additional experiments; perhaps Gas Chromatography Analysis. 
 Comparison should be made between the power used for this project with 
power used in the industry. 
 Economic analysis should be done to determine whether plasma gasification 
is a feasible choice (in terms of economical wise) in turning empty fruit 
bunch into gaseous fuels. 
 For future project, measure the gas produced after the plasma gasification 
process. 
 Lastly, by using the same equipment, try to do analysis on different 
materials/wastes that comes from oil palm plantation. (Frond, Trunk, Shell, 
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4.2.2  Plasma generated from focused solar rays 
Plasma can also be generated by focusing solar rays using lenses or mirrors. This technique 
is similar to the Concentrated Solar Power (CSP) concept. Concentrating Solar Power (CSP) 
systems use lenses or mirrors to focus sunlight into small beam. The concentrated light is 
used as heat source and considered as plasma (only at 1 point where the heat is at 
maximum). Below is a rough design of the system: 
 
Figure 4.6: Rough Design of Focused Solar Ray System 
 
Advantages: Very cheap and not hard to construct, Use renewable/nature as source of 
energy (no power supply) 
 
Disadvantages: It is quite hard to find the right angle to get the optimum solar rays. 
Depending too much on the sun. 
 
Conclusion: This method is not suitable for this project because it requires high amount and 
concentrated solar energy to produce plasma. 
 
Put waste inside 
Synthesis Gas 
Point where plasma 
is generated 





4.2.3 Plasma generated from Van de Graff generator 
 
Plasma can also be generated by using the same concept of Van de Graff generator. A Van 
de Graff generator is an electrostatic machine which uses a moving belt to accumulate very 
high electrostatically stable voltage on a hollow metal globe. The potential differences 
achieved in modern Van de Graff generators can reach 5 megavolts. At the moment, the 
rough design of the system has not been finalized. Below is a diagram of the system 
(source:wikipedia): 
 
Schematic view of a classical Van de Graaff 
generator. 
1) hollow metal sphere 
2) upper electrode 
3) upper roller (for example in acrylic glass) 
4) side of the belt with positive charges 
5) opposite side of the belt with negative charges 
6) lower roller (metal) 
7) lower electrode (ground) 
8) spherical device with negative charges, used to 
discharge the main sphere 
9) spark produced by the difference of potentials 




Figure 4.7: Van de Graff generator 
 
Advantages: The system does not use high voltage of power supply (use only electrostatic 
to create high voltage) 
Disadvantages: Constructing the model would be tedious and time consuming. 
Conclusion: This method is not suitable for this project because it would be time consuming 
and tedious to construct a Van De Graff Generator. 
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Appendix 3 
4.2.4 Plasma generated from electroshock weapon. 
 
Electroshock weapon is a weapon used for suppressing a person by transferring electric 
shock aimed at disrupting superficial muscle functions. There are many types of electroshock 
weapon; taser, stun guns, stun batons, and electroshock belts. For this project, the most 
suitable electroshock weapon is stun gun. Electroshock weapon technology use a temporary 
high-voltage low-current electrical discharge to override the body’s muscle-triggering 
mechanism. The output voltages without external load are claimed to be in the range of 
50kV up to 1000kV. (most 200kV-300kV). However, since air has a dielectric breakdown of 
3000kV/m, it is clear that the spacing of the electrodes will not permit the upper range of 
claimed voltages (900kV representing a minimum electrode spacing of about 30cm). For this 
project, the stun gun is most likely being used as a power source or power supply, while the 
electrode is the graphite/carbon rods. 
 










Figure 4.29: Graph and Data for EFB Sample Before Plasma Gasification 
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Appendix 5 
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